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Abstract 
Developing countries such as China, India, Mexico and Brazil are major energy producers and users, and emitters of CO2, and 
these countries are becoming aware of both the need to reduce anthropogenic CO2 emissions into the atmosphere and of CO2
capture and storage (CCS) as an enabling technology. One of the challenges faced in the implementation of CCS technologies, 
particularly in developing countries, is the shortage, sometimes absence, of a skilled technical and scientific workforce, but also a 
lack of knowledge about, and understanding of this technology among decision makers. The Asia Pacific Economic Cooperation 
(APEC) initiated in 2004 the development of a capacity building program that consisted of developing training modules and 
offering training workshops in developing countries around the Pacific Rim that are major CO2 emitters such as China, South 
Korea and Mexico. At the same time, the Carbon Sequestration Leadership Forum (CSLF) has established a Task Force on 
Capacity Building that has similarly developed a program for providing capacity building to the seven CSLF members that are 
developing economies. A series of capacity building workshops has been offered throughout 2007 and 2008. Based on the 
experience to date of both initiatives, some of the key learnings for future capacity building workshops are: 1) holding workshops 
in conjunction with a technical conference or similar event; 2) ensuring participation of key decision makers; 3) ensuring a varied 
workshop format; 4) ensuring that the workshop material addresses also the specific conditions of the host country; 5) ensuring
organization of the material that allows flexible participation; and 6) providing printed material and simultaneous translation.
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1. Introduction 
Reduction of greenhouse gas (GHG) emissions into the atmosphere requires application of a portfolio of 
measures that includes increasing energy efficiency and conservation, switching from high carbon-content to low-
carbon content fossil fuels (e.g., from coal to natural gas), switching from fossil fuel-based to nuclear and renewable 
power generation,  and increasing CO2 sinks [1, 2]. The latter can be achieved either by enhancing natural sinks such 
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as forests and soils through forestation and changes in agricultural practices and land use,  or through CO2 capture at 
source, prior to otherwise being emitted, and storage in geological media, also known as CCS.   This is an enabling 
technology that will allow the continued use of fossil fuels, mainly coal, for power generation and combustion in 
industrial processes, and forecasts are that CCS will play a significant role in reducing anthropogenic CO2 emissions 
by the middle of this century [3, 4]. However, implementation of CO2 capture and storage on the scale needed to 
reduce CO2 emissions is facing a series of technological, financial and economic, legal and regulatory, and public-
attitude challenges [5], as identified in a series of workshops held at the request of the G8 by the International 
Energy Agency (IEA) and the Carbon Sequestration Leadership Forum (CSLF)2. A challenge to near-term CCS 
implementation that has been identified only recently is the lack of human capacity, i.e., absence of the professional 
and technical work force (geoscientists, engineers, economists, etc.) trained in, and with the necessary experience in 
designing, implementing and running large-scale CCS operations. This capacity challenge is present in the 
developed world, where, nevertheless capacity is being built through laboratory and field research, summer schools, 
pilot operations and a few large-scale operations such as Sleipner, Snohvit, In Salah and Weyburn, but is particularly 
acute in the developing world, where the focus is on economic development and raising the standard of living of the 
populace, and less on environmental issues including greenhouse gas emissions. Identifying early this challenge and 
the need to raise awareness about CCS not only at the technical level, but also at the decision-making level, the 
Expert Group on Clean Fossil Energy of the Asia Pacific Economic Cooperation (APEC) and the Policy Group of 
the Carbon Sequestration Leadership Forum (CSLF), have organized and run a series of workshops with the purpose 
of building capacity in developing economies, particularly in those that are major energy producers and users. APEC 
comprises 21 economies located around the Pacific Rim, some of them, like U.S., China, Japan, Canada, South 
Korea and Mexico, being among the top CO2 emitters in the world. Similarly, CSLF comprises 21 countries (Figure 
2), and the European Commission, that are the top energy producers and consumers in the world, including, besides 
U.S., China, Russia, India, Canada and Australia, countries such as Norway, Germany, Colombia, Brazil, South 
Africa and Saudi Arabia.  
Figure 1: Membership in Asia Pacific Economic Cooperation (APEC). 
2 www.nrcan.ca/es/etb/cetc/combustion/co2network/pdfs/g8_rec_calgary07.pdf 
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Figure 2: Membership in Carbon Sequestration Leadership Forum (CSLF) 
According to the International Monetary Fund and U.S. Energy Information Administration data, CSLF countries 
alone represent 58% of world population and 76% of world GDP, 70% of its energy production and 75% of its 
energy consumption, and 76% of world CO2 emissions. If one adds to the CSLF countries the APEC economies that 
are not CSLF members, particularly those in southeast Asia such as Indonesia, Malaysia and Viet Nam, it is clear 
that, between them, the two organizations include most of the world in terms of population, GDP, energy production 
and consumption, and CO2 emissions. The regions that are not represented, except for South Africa and Saudi 
Arabia, are Africa, eastern Europe, the Middle East and central Asia. Taking into account that vigorous CCS 
programs are supported by governments and/or industry in the developed countries of western Europe, in Japan, 
United States, Canada and Australia, both APEC and CSLF targeted developing countries in these organizations for 
knowledge transfer and capacity building through a series of workshops, and the experience gained from these can 
and should be used for improving current programs, developing new programs and offering capacity building in 
other countries, such as those in eastern Europe, and even expanding training programs in developed countries. 
2. APEC and CSLF workshops 
The APEC capacity building program, consisting of three phases, was actually initiated with two objectives in 
mind: 1) assess the potential for CO2 geological storage in APEC economies and identify possible prime candidates 
for CCS projects (Phase I), and 2) build capacity for implementation of these projects (Phases II and III). The 
program was funded by APEC, the Australian, Canadian and U.S. governments, and the International Energy 
Agency – Greenhouse Gas Programme (IEA-GHG), and was delivered by a team of Australian, Canadian and IEA-
GHG expert staff drawn from various organizations. During Phase II (2004-2005) of the program, a 2-day course 
was developed consisting of 15 Power Point training modules and associated training manual, and a pilot training 
workshop was held in Seoul, Republic of South Korea, in February 2005. During Phase III (2006-2007) of the 
program, the training material was updated and fine tuned, and two more workshops were held in People’s Republic 
of China in October 2006 and in Mexico in May 2007. An additional objective in Phases II and III was building 
awareness about the potential for CO2 geological storage in the host country. 
The pilot workshop in Seoul was offered in conjunction with a local technical conference, while the workshops in 
China and Mexico were stand-alone events. The subjects covered by the training material include: the need for CCS, 
pre- and post-combustion capture, compression and transportation, screening and selection of sites for geological 
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storage, performance and risk assessment, economic considerations, legal and regulatory aspects, public attitude, 
and case studies, approximately mimicking the IPCC Special Report on CO2 Capture and Storage [6]. 
The CSLF Capacity Building Task Force organized a series of six workshops in various countries in 2007 and 
2008 (Figures 3-6). The workshops were held in Pittsburgh, U.S.A., in May 2007 in conjunction with the 6th Annual 
Conference on Carbon Capture and Sequestration, in Porto Alegre, Brazil, in October 2007 in conjunction with a 
Brazilian meeting on near-term CCS opportunities in Brazil, in Al Khobar in Saudi Arabia in January 2008, in 
Mexico City, Mexico, in July 2008, in Salvador, Brazil, in September 2008 in conjunction with the 2nd Petrobras 
International Seminar on CO2 Capture and Geological Storage, and in Washington, U.S.A., in conjunction with the 
9th International Conference on Greenhouse Gas Technologies (GHGT-9). The workshops to date were all supported 
by the CSLF Secretariat and variously by government agencies and/or oil companies in the host country, such as the 
Department of Energy in the U.S., the Institute for Electrical Research in Mexico, Petrobras in Brazil and Saudi 
Aramco in Saudi Arabia. The intent is to continue in 2009 this series of workshops in China, Colombia, India and 
South Africa, thus practically offering at least one workshop in each one of CSLF developing-country members. 
The objectives of the CSLF Capacity Building workshops are: 1) assist developing-economy members to acquire 
the knowledge, skills and expertise needed for CCS deployment, 2) develop a set of informational, training and 
educational resources that all CSLF members can use, and 3) identify, document and transfer lessons learned from 
prior experience of CCS projects. The lectures at the CSLF workshops were offered by invited international experts 
in CCS from various countries such as Australia, Canada, France, Norway, United Kingdom and the United States, 
depending on their availability. Unlike the APEC approach of having the same set of lectures being presented at 
each workshop, the CSLF approach is more flexible, dictated both by philosophy and necessity. The subjects offered 
at each workshop address general CCS themes, such as capture technologies, site screening and selection, 
monitoring and verification, legal and regulatory barriers to implementation, and examples of CCS projects, but also 
themes of special interest to the host, such as CO2 storage in coal seams at the workshop in Porto Alegre, Brazil, and 
CO2 storage in oil and gas reservoirs at the workshop in Al Khobar, Saudi Arabia. The lectures, while generally 
covering the desired themes, depend also on the availability of those invited to present on a particular subject who 
volunteer their time, and the preparation of the lecture is completely in the hands of the respective presenter. Thus, 
unlike the APEC program, the CSLF Capacity Building workshops do not have a fix set of lectures that are offered 
each time. All the presentations at the various CSLF Capacity Building workshops are publicly available on the 
CSLF web site3.
Figure 3: Audience and presenter during one of the lectures at the Capacity Building Workshop in Porto Alegre, Brazil, October 2007. 
3 www.cslforum.org
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Figure 4: Member of the audience making a point during the CSLF Capacity Building workshop in Al Khobar, Saudi Arabia, January 2008. 
Figure 5: Speaker at the CSLF Capacity Building workshop in Al Khobar, Saudi Arabia, January 2008. 
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Figure 6: Panel discussion at the CSLF Capacity Building workshop in Mexico City, July 2008. 
3. Review 
The audience at the various APEC and CSLF workshops was very varied, consisting mostly of technical middle-
level staff, mainly geoscientists and engineers, and mid-management. Students and academia were present on 
several occasions, particularly at the workshops organized in Brazil. Participant selection has always been the 
prerogative of the host country and/or organization when the workshops were held in a developing country, or of the 
invited country when the workshops were held in the U.S. Decision and policy makers were seldom present, usually 
during the workshop welcoming and opening address. The main reason for the very limited participation of decision 
and policy makers is that the workshop length, structure and topics are not suitable for their level of interest and 
time availability. A more suitable approach for reaching and informing top decision and policy makers is to have a 
separate, very short (maximum half day) series of presentations focused on the need for CCS as a climate change 
mitigation technology, applicability to the specific conditions of the host country, and challenges and barriers that 
need to be overcome through the right decisions by government or industry. These presentations should not be 
overwhelmingly technical, particularly since the top decision makers may not have the necessary background for in-
depth technical presentations. 
Participation of those registered throughout the entire workshop varied. Most participants stayed throughout the 
entire workshop, but some had a more spotty attendance, particularly when full two-days workshops were offered in 
the host country and the participants were from the city in which the workshop was given. Given the inherently-
broad range of topics covered in capacity building workshops, and the combination of lack of time, background 
and/or interest in certain topics by some participants, it became apparent that the structure of the workshop and 
sequence of topics being presented affect attendance. To ensure maximum benefit for the participants and to allow 
them to tailor their attendance, the workshop lectures should be organized in three blocks: 1) engineering technology 
for CO2 capture and transportation, including their economics; 2) CO2 storage, covering site selection and 
characterization, CO2 fate and effects, and monitoring technologies; and 3) “soft” or societal issues such as legal and 
regulatory challenges, financing and policy issues, stakeholder engagement and public attitude. This will allow 
participants to manage their time commitments more effectively and ensure that they are present at least during that 
part of the workshop that fits with their respective background and interest. 
Another challenge has been in meeting everybody’s needs and expectations, which may be an unachievable goal. 
Participants have a very varied background, interest and level of knowledge about CCS technologies. However, it is 
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essential to tailor the workshop to the broad interests of the local sponsoring organization and of the majority of the 
participants. In a few instances the mismatch between participants and workshop curriculum was quite significant, 
as in the case of an audience consisting mainly of engineers and academics with no interest and background in 
geosciences or “soft” CCS issues, or when the audience was focused mainly on CO2 enhanced oil recovery. Good 
communication between workshop sponsors and providers in regard to focus and expectations is essential in 
ensuring its success. 
While the audience needs to be offered a broad understanding of CCS, its applicability and its challenges, 
nevertheless workshops need to be tailored to the specific conditions of the host country. For example, in countries 
with limited storage potential but strong industrial base such as the Republic of South Korea, the focus, as expressed 
by participants, should be on CO2 capture technology that could be developed and exported. In countries that are 
major oil and gas producers that also use these as fuel in power generation, such as Saudi Arabia and Mexico, 
special attention should be given to CO2 capture from oil and gas facilities and to storage in oil and gas reservoirs. In 
countries that possess large coal resources and use coal for power generation, such as China, India and South Africa, 
special attention should be given to capture from coal-fired power plants and to the potential for CO2 storage in 
uneconomic coal beds. 
The format of the workshop is critical in maintaining audience’s attention and ensuring participation both in 
terms of attendance and in terms of engagement. Having a series of long technical presentations is a sure way to lose 
the audience. Individual presentations should not be longer than 45-50 minutes in duration. The experience of all the 
APEC and CSLF workshops to date indicates that the best workshop format is one in which presentations on 
“heavy” or “dry” subjects, such as capture technology or legal and regulatory aspects, are interspersed with 
presentations on case studies, such as existing commercial-scale operations or the Regional Partnerships Program in 
the U.S., and with sessions of round-table or panel discussions in which members of the expert team delivering the 
workshop take questions from the audience. These should be scheduled at least at the end of each day, and, where 
possible, at the end of presenting a set of lectures such as capture, storage and societal aspects. Furthermore, a panel 
discussion addressing the specific conditions of the host country and the applicability of CCS technology proved to 
be of very high interest and extremely valuable to the audience. 
In a few instances some lecture/presentations were at too-high and/or too-detailed level for the audience, cobbled 
by the presenter from past presentations at scientific conferences where the audience consisted of his/her peers. Such 
presentations are above the audience’s ability to understand and learn in a workshop setting, and inevitably lead to a 
waste of effort, time and resources. The presenters must have not only good credentials, which is essential, but also 
the ability to present complex concepts and material in simpler terms suitable to the workshop audience. 
Last but not least important is to provide the audience with the means to receive and retain the material being 
presented. Although many participants had a good master of the English language, for many English was a 
challenge. Providing simultaneous translation, and having the presenters pacing their presentation to fit the 
comprehension level of the audience or the ability of the translators to keep pace with the speaker is essential in 
delivering the training material to the audience and in ensuring smooth communication. Equally important is to 
provide the audience in advance with printed copies of the material to be presented. This facilitates comprehension, 
but also enables better note-taking. 
4. Recommendations and conclusion 
The experience to date of the APEC and CSLF capacity building workshops suggests the following set of guiding 
recommendations that should be flexibly applied to suit the needs and conditions of the host country and 
organization(s). 
x Short (half-day at most), high-level presentations should be made to decision and policy makers for them to 
understand what this technology has to offer and what are the main issues that they should address in their 
leadership capacity. 
x More technically-oriented workshops should be offered to technical staff and middle management. 
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x Workshops should be tailored to the specific needs and conditions of the host country as indicated by level of 
industrialization, main energy sources, power generation profile, storage potential and capacity. 
x Workshops should be organized in blocks of subjects: CO2 capture and transportation (engineering), CO2
storage (geosciences) and societal (e.g., legal and regulatory, financing, public position). 
x The workshops should consist of a mix of lectures, case studies, panel discussions and breakout sessions, and 
should allow interaction with the audience as much as possible. 
x The lectures should be at the training level and not at the “research-conference” level. 
x The material should be continuously updated to maintain its relevance, and the slide format should be 
consistent and standardized as much as possible. 
x Opportunities to provide these capacity building workshops in conjunction with relevant national and 
international technical conferences, such as the International Conference on Greenhouse Gas Technologies 
(GHGT), the Annual Conference on CO2 Capture and Sequestration and Petrobras conferences, should be 
pursued because they broaden the educational opportunities and increase participation. 
x Provision of simultaneous translation and printed materials should be pursued as much as possible. 
Training workshops, lasting in duration from a minimum of half-day to three days, are an invaluable tool in 
building needed capacity in the understanding and application of CCS as a climate-change mitigation technology. 
This is particularly effective when offered by a team of experts with the right credentials, and in close collaboration 
with the hosts to ensure that their needs are being met. Participation by the right audience (policy and decision 
makers; reservoir engineers and geoscientists; facilities, mechanical and process engineers; economists) greatly 
contributes to the success of this form of knowledge transfer. Equally important is to have the workshops delivered 
by top scientists who, nevertheless, possess the necessary skills for training. And finally, capacity building efforts 
should continue and should be properly resourced/funded by the private sector, international organizations and 
governments in both developed and developing countries to ensure their success and expansion.  
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